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The  figures  in  the  ríght-hand  margin  indicate  marks 
Answer  all  questions 

\l^fd)  Define  the  terms  :  6 

(i)  Feasible  solution 

(ii)  Basic  feasible  solution 

(tii)  Degenerate  basic  feasible 
solution 

(iv)  Feasible  region. 

(b)  Explain  the  graphical  solution  of  an 

LPP.  What  is  its  limitation?  5 

(c)  Using  two-phase  method,  solve  the 

following  LPP  :  9 

Max  Z  =  5xl  -  4x2  +  3x3 
subject  to  the  constraints 
2xx  +  x2  -  6x3  =  20 
6x1  +  5x2  +  10x3  <  76 
8xl  -  3x2  +  6x3  <  50 
*1,  *2>  *3  ^  0 
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(2) 


Or 


(d)  Prove  that  the  set  of  r 

Solutions  to  anLPP  is  a  f  feasibIe 
ls  a  convex  set 

(e)  Differentiate  between 

method  and  two-phase  «C ^ 

^  forms'of  an’<Lpplfferent  CSnon,c'*' 
^  Solve  the  following  LPP  • 

Min  Z=2x1+  x2 

subject  to  the  constraints 

3^  +  a:2  =  3  ^ 

4-*i  +  3a:2  >  6 
•*i  +2x2  ^3 
*i>  a:2  >  0 

2'  W  RndTheT’?  “d  dUal  prob,'”>- 

ind  the  dual  problem  of  a  general 
ransportation  problem.  State  and 
fundamental  theonem  of 

10 

(b>  f^d  the  °ptimum  solution  of  the 
p__®^^g^transportation  problem  :  W 

nn  „  _  n 
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Or 


(cj  Differentiate  between  a 

transportation  problem  and  an 
assignment  problem. 

(d)  Explain  a  method  to  fmd  an 
optimum  solution  of  an  assignment 
problem. 

(e)  Solve  the  following  assignment 
problem  : 
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(Continued) 


3.  (a)  Discuss  a  method  of  post-optimal 
problem  when  there  is  variation  in 
the  cost  vector. 

(b)  Consider  the  LPP 

Max  Z  =  -  x1  +  2x2  -  x3 

subject  to  the  constraints 
3Xi  +x2-x3<10 
-Xi+4x2+x3  2  6 

Xl  +  x2  <  4 

X[t  ^"3  ~  ^ 
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(4) 

Determine  thp 

discrete  „u  ™  ranSes  for 
componenfs  Tí  the 

requirement  ve^  so°fas  ^ 

^aintain  the  feasibüity  0f  the 
current  optimum  solution. 

Or 

(C)  EXplaÍn  the  Parametric  linear 
Programming  prob]em  when  ~ 

-ost  vector  is  parameter.  What 

^  the  requirement  vector 
ls  parameter? 

(d)  Consider  the  parametric  linear  ^ 
Programming  problem 

Max  Z  =  (6-X)  atj  +  (12  -A.)  x2  +  (4  -  A.)  x3 
subject  to  the  constraints 

3xi  +  4x2  +  x3  ^  2 
+  3x2  +  2x3  £  1 

Xl>  x2>  X3  >  0 

sSrSê =5 

i  .  cs  OX  a  o  ver  whirh 
and  optimal,  rema'ns  ^as’c  feasibJe 
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(5) 

grr(a)  Explain  the  following  terms  :  5 

(i)  Game 

(ii)  Strategy 

(Ui)  Two-person  zero-sum  game. 

(b)  Let  (cLij)  be  themxn  payoff  matrix 

for  a  two-person  zero-sum  game.  If 
v  denotes  the  maximin  value  and  v 
denotes  the  minimax  value  of  the 
game,  then  show  that  v  >  v.  5 

(c)  Two  companies  A  and  B  are 
competing  for  the  same  product. 

Their  different  strategies  are  given 
in  the  following  payoff  matrix  : 

Company  A 

[2-2  31 

Company  B  _3  5 

Use  LPP  method  and  determine 
the  best  strategies  for  both  the  ^ 
companies. 

Or 

(d)  Explain  the  maximin-minimax 
principie  for  a  game  of  two  players. 
Can  we  apply  for  (mxn)  game.  ^ 
Justify  your  answer. 


A/8(962) 


(Tum  Over) 


iiunr 


rnrnj' 


Scanned  by  CamScanner 


(6) 


(e)  State  and  explain  a  method  to  íind 
the  value  of  a  2x2  two-person 
zero-sum  game  without  any  saddle 
point. 

ff)  Solve  the  game  graphically  whose 
lyoff  matrix  is  given  by 


1  -3 

3  5 
-1  6 

4  1 

2  2 
-5  0 
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Answer  all  questions 


1.  (a)  Define  the  sequence  space 
lp,  1  <  p  <:  co.  Show  that  the  space 
HP>  dp),  1  <  p<  co  is  separable.  10 


(b)  Define  the  function  space  Lp  on  a 
measurable  set  E.  Let  E  =  R  and 


/(*)  =  < 


1 


VT*í 

0 


>  if  0  <  I  x  I  <  1 


if  else 


9[x)  = 


0,  if  |  jc  |  <  1 
1 

—  >  if  else 
a: 


Show  that  /  e  L1  ( R ),  feL2( R), 
g  g  L2(R)  and  g  <t  L^R). 
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Or 

(c)  Define  continuous  linear  operator. 
Show  that  on  a  finitc-dimensional 
normed  space,  every  linear  operator 
is  condnuous.  Give  an  example  of 
an  non-continuous  linear  operator.  10 

(cü  Prove  that  every  inner  produet 
space  is  a  norm  linear  space  and 
every  norm  linear  space  is  a  metric 
space.  Give  an  example  of  a  metric 
space,  which  is  not  a  norm  linear 
space.  **  10 

2.  {g}' lí  Y  be  any  closed  subspace  of  a 
Hilbert  space  H,  then  prove  that 
H=YGY1,  where  Y1  is  the 
orthogonal  complement  of  Y.  10 

Describe  Gram-Schmidt  ortho- 
normalization  process.  Let 
x\(t)  =  t2>  x2(t)  =  t  and  x3(t)  =  1. 
Orthonormalize  xlt  x2,  x3  on  the 
interval  [-1, 1],  where 

(x,i/)  =  j'jx(t)y(t)dt  w 

A/8(963)  (Continued) 


Or 

(c)  Prove  that  the  Hilbert  adjoint 
operator  T  ’  of  a  bounded  linear 
operator  T  from  a  Hilbert  space  to 
another  Hilbert  space  exists,  is 
unique  and  is  a  bounded  linear 
operator  with  norm  ||  T  ||  =  ||  T*  ||.  jq 

(d)  State  Bessers  inequality.  Let  H  be  a 
Hilbert  space  and  E  is  an 
orthonormal  basis  of  X.  Then  show 
that  eveiy  xe  X  can  be  represented 
as 

x  =  Yj  (x,  u)  u  10 

ueE 

3.  (a)  Define  algebraic  reflexive  space. 

Show  that  the  dual  of  Rn  is  Rn.  10 

(b)  Define  second  categoiy  space. 
Prove  that  a  complete  metric  space 

is  of  second  categoiy.  10 

Or 

(c)  State  and  prove  Hahn-Banach 

extension  theorem  on  real  vector 
space.  '  10 

Define  graph  of  a  linear  operator  T. 

Let  T\D(T)-±Yy  domain  of 
T  =  D(T)cX,  where  X  and  7  are 
normed  spaces.  Show  that  T  is  a 
closed  operator,  if  and  only  if  graph 
of  T  is  a  closed  subspace  of  À'  x  Y.  10 

A/8(963)  (Tum  Over) 
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4.  (a)  Define  contraction  mapping.  State 
and  prove  Banach-Contraction 
principie.  10 

(b)  Define  compact  operator.  Let 
X  =  L2[a,b]  and  Y  =  C[a,b}. 

Consider  the  integral  operator 
Tx(s)=  \b  k(s,  t)  x(t)  dt 

J  a 

where  k(s,  t)  e  C  [a,  b]x[a,  b]. 
Then  show  that  T  is  a  compact 
operator  on  X.  10 

Or 

(c)  Define  resolvent  set  and  spectrum 

of  a  linear  operator.  Prove  that  the 
spectrum  of  a  bounded  linear 
operator  on  a  Banach  space  is 
closed.  10 

(d)  (i)  Let  A  =  B(X,Y)  and 

B  =  B  (Y,  Z).  If  one  of  them  is 
compact,  then  show  that  BA 
is  a  compact  operator  from  X 
to  Z. 

(ii)  Prove  that  every  linear 

operator  on  a  fmite- 

dimensional  normed  space  is 

compact. 

★  ★  ★ 
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The  questions  are  of  equal  value 
Answer  one  question  from  each  Unit 
Symbols  carry  their  usual  meanings 

Unit— I 

l./faj  Find  a  general  integral  of  any  two  of  the 
following  p.d.e.s  : 

(i)  p  cos  (x  +  y)  +  q  sin  (x+  y)  =  z 

(ii)  (3  x  +  y-z)p  +  (x  +  y-z)q 

=  2(z-y) 

(Ui)  [y2  +  z2  -  x2)  p  - 2 xyq  +  2zx  =  0 

(b)  Find  the  complete  integral  of  the 
equation  p2x+q2y-z  =  0  by  Jacobi 

method. 


2.  (a)  Find  the  complete  integral  of  any  two  of 
the  following  by  Charpit  method  : 

(i)  z 2  -  pqxy  =  0 

A/8(964)— ÍOO- - - (Turn  0ver) 
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(ii)  xpq-yq2  -1  =  0 

(iii)  2z+  p2  =  qy  +  2y2  =0 

(b)  Define  compatibility  of  system  of  two 
partial  differential  equations  of  first 
order.  Show  that  the  equations 
xp-yq-x  =  0  and  x2p  +  q-xz  =  0  are 
compatible  and  hence  find  a  one 
parameter  family  of  common  Solutions. 


Unit— II 


3.  (a)  What  is  Cauchy  problem  for  a  first- 
order  quasilinear  p.d.e.?  Explain  your 
answer.  Solve  the  partial  differential 
equation  uux  +uy=  0  with  Cauchy  data 
u(x,  0)  =  x,0<  x<l. 


(bj^ Find  the  equation  of  the  integral 
surface  of  the  equation 

x3p  +  y(3x2  +y)q=z(2x2  +y) 


which  passes  through  the  curve  x0  =  1, 
y0  =s,  z0  =s(l  +  s). 


ind  the  complete  integral  of  the 
equation  (p2+q2)x  =  pz  and  the 

integral  surface  corresponding  to  the 
initial  data  curve  F  given  by  x0  =  0, 
y0  =  s2,  z0  =  2s. 
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(Continued) 


/h^Find  the  general  integral  of  the 
equation 

(‘2x-y)y2ux  +8  (y-2x)  x2uy  =2  (4x2  +y2)y 

and  deduce  the  solution  of  the  Cauchy 

problem  when  u  ( x,  0 )  =  —  on  a  portion 
2x 

of  the  x-axis. 

Unit— III 

5.  (cl)  Cl^ssífy  and  reduce  the  pardal 
^^differential  equation 

2  2 

y2uxx-2xyu  +x2u  =^-ux  +  —u, 

/  x  y 

to  a  oánonical  form  and  solve  it. 

(b)  Fmá  the  solution  of  the  wave  equation  ^ 
u„  =  c2u;tt 

with  the/  conditions  u  (0,  t)  =  0, 

0  <  a:  <  Ly/t  >0  by  variable  separable 
method/ 

6.  (a)  Solye  the  partial  differential  equation 

uxx=c2utt  0<X<ao,t>0 

with  initial  condition  u  ( x,  0)  =  j](x), 
ut(xf  0)  =  v(x)  and  boundary  condition 
u(0f  t)  =  0y  t>0. 
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(b)  Find  the  solution  of  the  wave  equation 
utt  =  with  the  conditions 

(i)  u  (0,  í)  =  u  (2,  í)  =  0 


v  .  3  nX 

(ii)  u(x,  0)  =  sm  — 


(iii)  ut(x,  0)  =  0 

Unit— IV 

7.  (a)  Solve  the  Laplace  equation 
Uxx  +  Uvu=  0>  —  co  <  x  <  co,  with 

u(x,  0)  =  f(x)  ,  —  co  <  x <  oo  and  u  is 
bounded  as  y  — »  co,  when  u,  ux  vanish 
.  — as  |  x  |  — ^  co. 

s(b)  Describe  the  various  boundary  value 
•  problems  for  a  Laplace  equation.  Prove 

that  if  u  ( x,  y )  is  harmonic  in  a  bounded 
domain  Q  and  is  continuous  in  Q,  then 
u  attains  its  maximum  and  minimum 
on  the  boundary  0Q. 

8  (a)  Find  the  solution  of  interior  DiricElet 

boundary  value  problem  for  a  circle  of 
radius  r. 


(b)  Obtain  the  solution  of  the  initial  value 

problem  of  heat  conduction  in  an 
ínfinite  rod  given  by 


★  ★  ★ 
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Answer  all  questions 


yj^(a)  Find  the  half-range  series  for 
/  (x)  =  x3,  0  <  x<  L.  . 


—  =1--  +  - - 

12  4  9  16 


Tü  1  1  1  1 

—  =  1 - + - + 

4  3  5  7 


10 


(b)  State  and  prove  the  Riemann- 

Lebesgue  lemma.  10 

Or 

ry 

(c)  Expand  the  function  f(x)  =  x  , 

—  7T  <  x  <  7i  as  a  series  and  hence  • 
prove  that 

2  íii 

-  +  •  *  * 

10 


(d)  State  and  prove  Dirichlefs 
pointwise  convergence  theorem.  10 

2.  (a)  Find  the  Fourier  series  of  f  (x)  =  nx, 
x  e  [  -  2,  2  ]  and  hence  prove  that 
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fbyProve  that  the  series 

1-2  +  3-4  +  •••=  X  (_1) 

neN 


n  +  1 


is  not  (c,l)  summable. 

Or 

(c)  Find  the  Fourier  series  of 
/(x)  =  x|x|,  -2 <  x<  2. 

(d)  If  the  Fourier  series 

CL  00 

—  +  X  an  C0S  +  L  bn  sin 
2  n=i  n=l 


converges  on  a  set  E  of  positive 
Lebesgue  measure,  then  prove  that 


3.  (a)  Let  f(x)  be  continuous  and 
integrable  on  x-axis  and  f'(x)  be 
piecewise  continuous  on  every 
finite  interval  and  let  /(x)->  0  as 
x  ->  oo.  Then  prove  that — 

(i)  Fc[/'(x)]  =  u;Fs[/(x)]-J|/(0) 

(ü)  Fs  [/'(x)]  =  -u»Fc[/(x)] 

where  Fs  and  Fc  are  Fourier 
sine  and  cosine  transform.  8 


A/8(966) 
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the  following  convolutions  for 
the  functions  :  12 

(i)  f  *g  =  g*f 

(ii)  f  *(g  *h)  =  (f  *g)*h 
fify  f  *(g  +  h)  =  f  *g  +  f  *h 

Or 

(c)  If  /  (x)  is  continuous  and  integrable 
on  x-axis  and  /'(x)  is  piecewise 
continuous  on  every  finite  interval 
and  let  /(x)->  0  as  x->  00.  Then 
prove  that — 

(Í)  Fc[/"(x)] 

=  -u;2Fc[/(x)]-^/'(  0) 

(ü)  Es  [/"(x)] 

=  -w2Fs  [  f  (x)]+  (0) 

12 


(d)  Find  the  cosine  transform  of 


/(*)  = 


1 

-1 

0 


if  0 <  x<  1 
if  1  <  x<  2 
if  x  >  2 


and  also  obtain  the  inverse  cosine 
transform.  8 
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4.  (a)  State  and  prove  Parsevafs' 

identities.  10 

(b)  Find  the  Fourier  transform  of 

í  |*|  if-l<  x<l 

f  (x)  = 

0  ,  otherwise 

Also  find  the  inverse  Fourier 
transform.  10 

Or 


(c)  Define  Discrete  Fõurier  Transform 
and  prove  inversion  theorem  for  the 
DFT.  ,  .  10 


(d)  Prove  that 


sin4  tu 
Jo  wA 


10 


★  ★  ★ 


A/8(966)— 100  PG-III  Sem/Math-53E/FA 


Scanned  by  CamScanner 


PG  -  III  Sem 
Math  -  53E/ACA 


2  0  18 

f  , 

Full  Marks  :  80 
Time :  3  hours 

The  questions  are  of  equal  value 
Answer  one  question  from  each  Unit 

Unit — I 

^J^Defme  Poisson  integral.  Prove  that  the 
Poisson  kernel  can  be  represented  by 


1  -2r  cos  (0  -  t)  tr 2  ^ 


2.  Suppose  u  is  a  continuous  real  function  on 


the  closed  unit  disc  U  and  suppose  u  is 
harmonic  in  U.  Then  prove  that  u  is  the 
Poisson  integral  of  its  restriction  to  T  and  u 
is  the  real  part  of  the  holomorphic  function 


u(eü)dt,  (zeU) 


3.  State  and  prove  Harnack’s  theorem  for 
harmonic  function. 


A/8(965)— 100 
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(2) 

Unit— II 


4.  If  /  is  an  entire  function  of  flnite  order 
then  prove  that  /  has  flnite  genus  p  <  X. 

Define  zeros  of  entire  function  with 
c  illustrations.  Define  order  of  entire  function 
and  prove  Poincare  theorem. 

6.  If  n  is  a  positive  integer  and 

P(z)  =  zn  +  an_lzn~l  +  •••  +  aYz  +  a0 
where  a0,  alt  •••,  an_Y  are  complex 
numbers,  then  prove  that  P  has  precisely  n 
zeros  in  the  plane. 


Unit— III 


7.  Prove  that 


n  =  2 


8.  Define  meromorphic  function  with  suitable 
example.  Prove  that 


lim  f 

->oo  J  -A 


A  sin  x 


e'u-dx  =  )n  if  _1<<<1 


0  if  |  í  |  >  1 


9.  What  do  you  mean  by  analytic  continuity  of 
Zeta  function?  Prove  Jensen’s  formula 
A/8(965) 
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Unit— IV 

10.  Define  elliptic  function  with  example.  Prove 
that  eveiy  elliptic  function  tfdthout  having 
singularities  is  a  constant  function. 

UL/State  and  prove  addition  theorem  for  P 
^  function. 

12.  Define  elliptic  modular  function  with 
example  and  State  all  general  properties  of 
elliptic  functions. 


*  *  * 
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